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General

1, The most important comtribution of the Gemmsns at NTT 49 was the further devel-
. opment of the Wasserfzll Le: rgbaw,  Howover, There were ether projects
25X1X that were carried out, |

25X1X

2. |——r| WIT L9 continued the development of the Wasserfall computer sys-
Tem which had been started at Gema, Berlin. At Gema, [ resssenbled a

25X1X Wasserfall computer system in mock-up form. The majority of the components

of the syster were available to us at the time, 7The Soviets had instructed
25X1 - the group at Gema to rebuild the entire cumputer system. It appears that the

Soriets were under the impression ab the time that the German development pro-
gram was forther advanced than it actually was. After the German progress had
been made clear, the Soviets inmstructed the group to complete the development
into a finiched prototype. The key Sovietswith whon the Gema Germans dealt
with weres ‘ ‘
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8, The biggest problem in modifidation to accommodate Soviet

25X1 -

o Approved For Release 2003/08/28 : CIA-RDP80-00810A0019004500%5-9( .
N 1A
SECRET
“'2"-‘
+ Gelel (uray) BAREIY, Direotor of Goma™
Colonel (Army) SINELS-I7K(7, Chief of Antiaircraft
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li. In geheral, the Germans had most of the hecessary equipment, but our’

wirk progressed slowly because we dependsd on the productivity of the.
Boviat woirkshopa™ (maénine shops, sleéctrical ihops',”iltc.').'" “There was
alwiys difficulty with ihe viciim tube supply. They had no épare German
tibes ahd’ consequently uied thei very carefully. The. work on the redesign
and improvement lasted until September 1951, The first computer, however,
- was delivered t6 the Soviasts in July 19L9, when it was apparently taken
%o a Tiring range, This firing range, according to hesrsay, was about
800 idles ‘southeast of Moscow, Thé computér deliversd to Wie Sovists
was in a mock-up form. /See Diagram 6, puge Lof SRR

Yodification of the Computer System for Soviet Compoments

components

lay in the changd franm 500 €ycle components to 50 cycle ¢ nts, This
chdn) -over wis made bacatiss thebe were no 500 ciclecomyeunta available,
The 50 cycld components were larger and HoY a8 accurate ad the Geiman
500" cycle equipmeni. “For example; thé Jerman coordinate resolvers were
fupposed to be dccirate dowr 5 ons mil, The Soviet Fasolvers were ac~

;. Gt te f1ve mile. The German potentiometers tised In the Wassarfall
cafipiters Wore accurate to about two mils, Whéreas the Soviet potentio

fidters were dcciraté only to 10 mils. The atcirdey of ths Soviet compon-
 @fts drove dur ghoup to’ compensating methods, and we hoped that the
_errors would cancel out. .
Sovist Resistors

.

‘Boviet Tealstors weie very poor.  THey Heedéd resistors
406U ¥Ithin 1,0 per cant, but could only get Tive ‘par cent resistors,
¥e had to sort through hundreds of resistors im order %o get the ones’
we needed. 'the temperaturs characteristice were also bad., ‘It was nec-
é8sary to readjust the computers as the resistors warmed up. It was
éotisidered standard procedure st NII L9 to allow a one hour warm-up
piricd for computer equipment. It was later plammed to provide soms
temperature control equipment in the computers in order to meet ‘the

.-Boviet. specification of mimms 70 degrees to plus 50 degrees centigrade.

Soviet Condensers

7. The accuracy of the condensers were equally as bad as the Sovist resis-

tors, Produdtion prescision condensers wers ascurate only to five per

' _gent, The temperature characteristics were also unsatisfactory.
Sovist Vicwm Tubes

8, 'Soviet vacuum tubes were generally reliable. The tube chargoteristiocs .

. weré roughly coipsfible to those available to the Germans duFing the
ﬁr. ' ﬁmve w"i?é"'tuﬁi”s‘“ii‘bl‘i glasa envelopss téiided 1o bBacome jl!ay'Lin a
i'ih‘bivgg ghort timé. The supply was avidently a degudte, although it
t00k 1nonthé to delivér on reqiests., The gtandard answsr to queries on
stppliés Waé *Later". After a short while, we recognized the inevitability
of long deliys in the tube supplies, and laid in an adequate supply which
we.. kept up to a certain level at all times. : : - ‘
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Laboratory Test Equipment

9, The lack of test equipment was the largest problem that the Germans had
ir the USSR, "It was difficult to obtain an adequate sup of ammeters,
milliammetars, frequency méters, voltmeters, wattmeters. Germans

© 25X1  webe forced to constrict our am stroboscops, two-beam oscilloscope, and

vicuim-tubé-voltmster. e test equipment that we did have was largely
GeTiian, Austrian,and English, The Germens were forced to improvise @
ghéat deal in providing test equipment. The Soviet engiheers were quite
uged t¢ this situation, and were very good at improvising whenever they
Weré facéd with lack of equipment. "The Soviets were evidently s urprised
at seeing test jacks built into computer equipment, 'They were in the
habit of "lashing up" equipment in a very crude form.

Improvement to the Initial Trajectory Computer (Einlenkrechner)

10, The first Wesserfall éomputer system was deliverad to the Soviets in 19L8.
This Fepresented thé completion of the original design started in Cerreny
duiing thé wir. Even beforeé the Firing tests in the simmer of 15k9,
the Soviets demanded more accuracy in the computer whose inaccuracies
were as great as 10 degrees. The improvements included: .

8. -Sftgbi:l;zqd, voltage source for the servo amplifier. N
b, FPhase corrector for input of Gamma doubls dot to amplifier.

¢, Eléctrical derivation of Camma double dot versus tachometric
derivation in the original,

s d, A ldmdter was included in the computer to prevent the missile from

S ¢lésing more rapidly than for a target moving at Tour degrees a
saconid (from the control point). This wis done in order to prevent
the nécessity for high accelerations in control of the missile
during its initial trajectory.

e. A "chopper" in the design as an improved method of producing
. ... alternating current carrier, -
11, This ccmputer was tested by applying an arbitrary input, and measuring
: the difference bétwaen the cutput and the theoretical output. The
acouigcy of the computer was below one degree, or better. During
‘the period that work was being dons on the improvement to the com-
puter, the Soviets displayed no apparent interest, However, in the
mornings when the Qermuns came to work, it was obvious that someone
had been tinkering with the equipment., This to me reflected covert
Soviet interest in the Wasserfall computer. The computer was tested
and turned over the the Soviets in September 1951, /Ses pages 9-16.7/

DlsiEﬁ to Eliminate the Parallax Computer

12, The parallax computer introduces errors into the calculation of the
flight trajectory and during the control that follows. The German group
rédesigned the initial trajectory computer so that the parallax distance
setting in-the computer was gradually reduced to zero over a period of
12 seconds, etarting approximately eight seconds after firing of the
Wasserfall missile, This, of Course, introdiices a parallax error. This
error, however, is a diminishing error, ahd rapidly reduces to a second
order teirm in the flight computation, This gives an overall improvement
since the entire parallax computer is gradually cut completely ocut of
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. he computation, /See pages 9416./ - The pargllax cémpn": ¥ contributed
arrofs of plis of winus two meters for the base line dis ice U, and
3/l degres in veitical sngle measiremént, Elimina ation of She parallax

coiputer hot only. reduced errér in méssureient, but incrgksed the smoothi-
ness of operation of the sight through which the Joysty
. ’Tl,‘,.
Redesign of Servo Systems to Eliminate Tachometers / ( -
13, Oié advintage @osFiisd fron the chungasver-ts SUTGySle components ip Ak -

EEN) 4

#eryo system design.. At -this frequency, 40 KLa!
25X1  nating curfent Whotch® filters, .. —— s is trus
-~ DiGauSe the modalitien, pagddfioy tend diring contral-se“large compared
LT t6" the carrier frs-: “stability error. At 590 cycles, the modulation
. ' P o

baiid is’ pi3=tively sudller and compars) s to the errors obtained in even
~277TY well frequéncy-stabilized géurce. Consequéntly, the Germans.
designed and built these notch filters to give phase advance tq'the

input. signalss/ : el o

', This fedesign took placé Zrom Tite 1959 o late 1951, |

 fue Fesilts of this redesigh Wers sicdessIul,’ “Sincs very little test.
:g\l%gient ‘Wi avidilible to oshlird thie éxact performance. characteristics.
of te .

) Fedesiimed sérvo ystéms, it mist be considered that ‘the ‘require~
ments were not too stringent. ’ T

of the Cartesian Coord:

_16. As a result of the succes

58 in designing phase advance networks at 50
: cyéles, new amplifiers were designed using *notch" filters ‘Lor use in _
25Xt _the Cartesian coordinate pirellaX cemputer. | ]
¥ ' 25X |:|Tha design was actuslly. ried out by Ing. BIELECEE.

mbl'e Voltage Source

17, During the design and expsrimentation carried out on the Wasserfall com-
25X1 puter, [] dacided that it was necessary to have a very stable
25X1 . voltige supply abt 500 cycles to bench-test the breadboard computers.

' It was necessary that the voltage stability be within 10 per cent, and
the fréquency within five per cent., A request was made of the Soviets
to ‘procure stich a power supply, but they were unsble to fulfill the
request. Cohsequently, the Germans used an old BOAS Company converter
that had been brought with them from Germany. '

Tau e Computer -
18, ' During the develrnt of the Wasserfall computer, the Soviets made a
. siggéstion regarding the desigh of ‘the Tau-angle computer. The German
. déigh of the Tat-angle computer involved the calculation of Tau by
‘picking off the appropriate angle (sigma dot) and multiplying it by the
‘sine of the vertical angle through the use of a sine resolver,: The ... .-
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Soviets suggested a method wheréby the Tau calctldation could be accou-
plished by precessibii of & gyroscope. /K technical discussion of the
two methods of Tau-angle determination s foutid on pages- 2 and 25.7.
ThHe Wasserfall missils was stabilized in the r6ll axis, It can be
#een that after the vertical firing, if the missile is required, for
example, to tirn to the west, a turn control to the missile will result
in"the missile, in effect, being on its side. If further turn contrel
8ignals are applied +6 the tufn control axis of the missile, the missile
will ‘hot tufn,bBiut go elther up or dewn. To prevent this, the Tau-angle
eoniptitér resolves the charigé in awis that résiliyfrom the missile being
8tabllizéd 1n ¥6l11l and the optical missils control sight turning on the
ground according to the follewing equation: -

P N ,
whei'e T is the angle of translation,0™ 1s the angle through
which the optical control sight has turned.

19, 9’ is the vertical angls to the missile from the comtrol sight., Con-
sequently the elevation ahd furii control signals that origindte from
the joystick (Kiuéppel) operator are resolved into sine and cosins com~
potients at ‘the angle Tau. Thé sifie compotients of the joystick signals
are thén sent to thé misaile slevation cofitrsl system vid the radio
tiransmitter, and cosins components are sent to the twrn control system
of the missile. o .

Automatic Selection of Offset Parameters in the Computer - ‘

20, It ords #r %o’ rénder the Wasserfall syitei mote effective, a desigh wis “
fdds {h 1950 62 & coffponént td provide aiitdiatic ihsertion of the offset
paramstérs” (sigid W and u). Thus, in thé seledtion of a Tiring site by
the Wasserfall commander, the appropriate offset valués Fequired in.

the parallax compiiters were inserted by a“preséet selsctor. ﬁd&kni@gl'

 details 'ﬂa:,nd diagram are found in pages 2620,/

"Height Parallax Computer A
21, 1n the redesign of the WasasrZall computér systeit, provision was made
Tor compensition for 4 dirferéncé in height between the control point
&nd the Tiring politts. Wheii a partictlar firing site was selected, an
appropriate initial angle was furnished to the opticdl sight, so that
1% accommodated the. difference in position of the missile when fimed
from an élevition different from the oontrol point. Provisions were
madé In'the cotiputer to handle height differences of 30 meters, . * = . -
[Technical details on this part of the computer can be found on pages 9-21.7

m ator. for ¢ Testing of the Wasserfall Computer

22, In order to maks dynailc tests of the computer aysted, test equipment
wis Hade to furnlsh ifiputs to the comptiter, Thése inputs éorresponded
to values of horizontal and vertical angles that aré- futriished normally
by ‘the targét sight, In the tast sqiipment two cams, operated by a
sonstant spedd tiotoi, fuihished these vilues, Two motfe cams computed

.. values of thé deaired output of the Wasserfall cémputer, The output

.of  the cempiuter &fid the outpit of the cams préoviding the theoretical
desired diitput went to differéntial indicating devices. These indicptors
then showsd the error in the computer directly, To simplify the testing
procedure, marks were placed on either side of zero of the indiocators,
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without thé use of an all-weather aiming device such’ as a precision radar
get, "As described by .source, . there wéré provisioiis for & radar, but
this radai was t6 be used 48 a searchihg element rather than a precision
tracking elémsht,  In diapgrams, pages 8-16, it can bé seéen that- inherent
in the design were connectiohis for a radar. The firing commander, however,

; switchies to the optical target tracking sight as sooh as he idecides that

the target is within rarnge of "thé six firing sites undsr his command,
Ilge_l'ﬁé fubther knowledge of “the contemplated ite 5f homing equipment
in confiection with the Wasserfall rilssile. There were apparently some plans
for the use of a proximity fuse when the work was started in Gema in 19L6,
and prior to that during World War II, No work was done ofi this by the
Gérman group at NII L9, There was nothing that was said or dons by the Sov-
iets at NII L9 %o indiéaté that there was activity along the lines of targst

‘

homing or proximity fuses. .
ﬁéﬁiidering the restriction of the German activity to fairly orthodox engine-

vidence of all weather operation, and the lack of target seekers or proximity+
actuated fuses, it must be concluded that the six years of activity by the :

- German group at NII L9 did not significantly advance the Soviet capability

in ground-to-alr missiles as tactical weapons. There are other by-products
which must be noted, howsver., Corsiderabls experience was gained by the
Soviets in’the dsvelopmer t of a prétotype ground-to-air missile control

system, - Additiofally, as .
?ﬂ':i"‘néﬁm"iﬁ‘-ééullmmm
observation at all timés., Many things must have besn learned by the Soviets
by this observation; just om the gemeril art of research amd development, as
carried out by the Qermins, | [there seemsd tobe &
grodit gap between theoreticil analysis and the actual production of tblack
boxes" based on theory.
Lair 1high opifilon of the quality of the theoretical
LcapaﬁiIIiIes of the gaﬂ.et‘i““ |at NIT L9, [Jqualified
this by saying that they were "only theoreticil and not practicale all®, gg
[_Jopinion nay have to be discounted slightly, as typical of the general _

_opinion of many fpractical® men for theoreticians.

In oompiring the GEality &nd extent o developiient doms™ oh Wassesfall b~

NI LY with s problen of aquil A1TPiculty which might Be' presented to'the

U.5, reseiich and dévelopient eohelens, it miust ba stated that, even though
thé Qérmans at NII'hTi'o'rﬁid'undJ ér severe haiidicapa, the efficiency md

initiative shoWn is very low, It is cohceivable that a problem of this = -
nature could be solved in i satisfictory manner, 1f not radically improved,

-An"less than tWo yéarse by a comparable lfistitution in the United States..

This domps arisoii might Be unfdir since the ‘Germani effort; plae the Soviet ; )
ji;frért‘*u‘rﬁ;éhf‘iis“é‘m"“ 86T8d with 1it, "did hot hive thé benefit of thé tremeri- . g
doud Taellities available for probléms of this kind," However, since these
Wﬁi‘ﬁﬁéii”aéﬁmw".ﬂit;‘tﬁéy”l'mﬁ‘b be tdkén into comsideration in

Weighing the valué of the activity at NII L9. It should be stated parenthe- -

tically that i1t is not s question of weighing individuals, man for man, idea
for idsa, tut of ‘comparing the total capability which includes the available
resources, the background of research and data, compoment gquality, and even

"25X1X ‘cdn;i(lenco in the scientific effort.
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During thé course of the test rur. ¢ - monter would be readjusted if
the needle of the indicator weni nevoss ihe marks nilaced on the indica-

tor. The marks wers piacs:d &t puinks representing olus and minus 1.0 )
degree, [K functional disgram ci this sjuinment. ia found on page 29_.7 ‘

Controller Training Equipment

23, An operatiomsl trainer was designed and built by the Germans at NIT L9.
This was™ furnished to s Joviets ailong with instructions for the operas
tion"of the trainer and the trainins of future operators. [:fa;ge& 30~32
contain technical information and diamerams of the training equipment ./

 Calibration of Amplifier Gains

' 2k, A device was designed %o insert v

)

3 the amplifiers of the Wasser
antlyv-changing angles, and
tion of time. The purpose of
“inment of the amplifiers as-
> 3 R? h s e
Wheére a simp%ifie
benct test lay-cut when using the

fall computer. Thess inputs wo
angles whode valus changed as &
this test équipment was to pernm
- 8delated with the dstsrmination
: Ina y :'"Zﬁﬁference is mads
schematic diagram is siown o the
calibration equipment,/

25, ‘ v --Qéﬁsunt speed motor was used to furnish the drive for the test equip-

25X1
25X1A

25X1

- 25X1

25X1

‘went,  This motor also furmisned s +ime bmza for the oscillographic re-
" gobder which could be used to measurs the srror voltages when the test
Set ip'Was i operation. The motor was connected, either directly to

8 86t 'of ¢oarsé and fine selsyns or through & mechanical sine wave
generator, Comnnected mechanically to the motor was a tachometer which
furnished a voltege proportional to the speed of the angular change of
the transmitter selsyn rotors. #l1so connected to the motor was & .
-potenticmeter which produced & voiters vrovortional to the angular
position of the tramsmitter selsvms. in this manner both mechanical
angles ‘and voltages were transmittad bWy the diive &jstem for the test
equipment, The various smplifiers were then connected in the circuit
and the érror measured by the indicctor shown in the uppér right hand

portlon of diagram = fpwes 30/, and by an oscillograph which
* pecorded timé pulses and speed oi anpuler chenge, ‘By inspection,
then, the amplification and ohass mawerce of the different amplifiers
‘aould’ be adjusted for optisiu. vreceiran, Thig orovided the Germasns =
- With a prelimitiary system for calibration of the amplifiers befors in-
sérting them into the dynamiec tests of the antire computer system in

operation,

TR

| : [there seemsd-to be an undercurrent of interest in the
-Wasserfall that exceeded that for env otisr s tivity by the Germans at

¥IT L9, there was an obvious attempt
at dipsimulation on the part of the Soviets regarding their true interests.
However, several instances where undisguised intersst was

displaye form of questions from individuals in the parallel Soviet

computex development laboratory, and ty questions from visiting Soviets

from Moscow, and by covert tinkering with test setups during the night when
the Germans wére in their billets.  The fact that actusl firings were made
using the fifst modeup finished in 19L3 tends o support the

opinion of sérious Soviet interest in this missile. Regarding the capabil-
ities of this missile as a tactical weapon, it can not be seriously considered

g
]

e
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Technical Discussion of the Wasserfall Control System

. iié Wesseifall system was designed to furnish & ground contrqlled ground-

to-air missile fired from 8ix points arcund & control point. The follaw—
ing are Tocated at the control poiiit: a radar fo¥ lecation of the target,
‘an optical Bystem"fiﬁi‘"détefhimtion of vertical and aximithal angles of
the target and the range, and the control board for the entire system.

. The s_y’a%_m"yus designed for ranges of 20 kilometers,
24 gﬁéf‘ﬁéé‘eﬂgu”em‘“'nﬁé’f‘has"hfc'iﬁs'disposﬂ"‘aﬁ"indi‘*" Gator panel which
Zocsives angilar and Pangs inTGrEAticn Irom a radar Set Yhat is placed

on the target. When thé commander considers that thé target is within
#ange, he telephones £He optical sight operater £o tell him that hé
shéald follow the target at the angles indicated to him From the radar
sysvenr, When tHe optlcal sight operator has fixed on the target, the
compander deéides which firing ‘site should be used by reading the )
position of "the “target from the remote indicator panel of the optical

‘sight, [See Diagram 1, pag=7; L
. §6°Bis commnd ¥én, the cofréct piramsters a7é applied to the parallax

‘computer” attoimatically. The cerrect initial angles are applied to the
missile sight. The missile sight turns o the proper initial anglea”
through a servo system that follows the input angles furnished by the

( ‘oemputer, When the missile controller (at the missile sight) determines

that the sight is 4n its Sorrect initial position; he closes his firing
_gwitel, ThHis sends a signal to the comtirol board, and to the selected

#i¥ing péint whioh Zives the missile, When the miesile leaves the plat-

" fofm; & contact 1s oloded to start the time synchronizer in the compater.

The computer then operates to. control the angular position of the missile
signt aceording to the preacribed dymemic squition. The missile control

perator steeis the missile by measuring visually the error in positicn
i “ghie imissile from the center of the cross hairs in the sight. He
8 the joystick (Knueppel) to send a comtrol gignal through the
ti~oompn ‘Wi‘-?bﬁ"'ﬂ\ﬁ'"'idi&"traﬁumlttbr used for control of the migsile,
The Tat~compliter ‘Hétvens il & ‘sobPdinateé resolver t6 translate the vertical
lﬁﬂ}}oriion‘ﬁllcantréll Jgighals 1ato ‘the “dappropridte dxes of the misaile,
This ;Zilf“ 'ﬁé‘ﬁéfédiﬁi"“ﬁoﬁaﬁié the “miidsile does not bank in flight, pat 48"
Boxit#orled yertisally and horisositally by apportionirig fhe vertical amd
‘horigontil control signals to the misaile control surfaces according to
the following equation: ' T '
Ts= f ﬂi?l 2/ ) '

'.l'he:ln:l;bm “frajectory computer cperation is based on a second order dif-
férentinl €quation that positions the missile sight, soas to close the
£4al ‘érror (taking into account also the parallax) of the missile in

.. a ériticilly damped mahner, When the missile is within 0,5 degrees of

' th8 barget, a contdct closes in the computer io cut ‘the computer out of-

{he’ positioning system of the missile sight, The Tau-computer, however,
coptimmies to be operated from the angles furnished by the optical target
sight., A proximity fuse was required to detomate the missile when it

. %&g&éd'th&”vﬁ.eiﬂiﬁy_ of the target. In the absence of & proximity fuse,

ver; switéh was furnished to the optical target sight operator to
onite thé wissile at the &ppropriate time. This iz possible since the

o ’o"fi‘ﬁiésl tapget gight operator has knowledge of the ranges of the terget

‘and the missile,
R - SECRET
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‘g, When the computer is released from the operation, it runs automatically
back to its initial pesition thue readying itgelf for further firing com-
putatien. ,TZI”’I\inctional dia of the Wgsserfall computer system is
shom in Didgram 2, page 10, .

.méry of operakt'ion‘_ o

6. The Wasserfall system comprises offseét fired missiles, an initial tra-
... jestoFy computer, an optical target eight, and an optical missile sight.
 The Wasserfall missile is fired vertically, and fof six seconds is not
. ¢ontiolled from the groind, " Six ssconds after firing, the optical sight.
i8 positioned so as to ‘8atisfy a second ofder différentisl equation which
Feduces the “initia) error to a value of 0.5 degraes, The joystick operator
‘. cofreéts the path of ‘tHe. missile soas to center thé missile in the missile"
sight, Since the missile is Tired from an’ offset position, the computer,
in calculating thé position of the missile, must take into account the
arallax involved, From that point oni, the joystick operator corrects
the path of “the missile ‘soas to Tly in pursuit of the target. The basic
- aguation whish controlled the initial trajectory of the Wasserfall missile

is as follows: w . - . ‘
}E'[’ £ () [e( @/E ?ﬁ) 'f'é/g-}ﬁ"z_?:‘.’o

© where .. . . ‘

‘ B = vertidal angle of the m;L}ssiile.

£ (%) - 'atrvaightlline function of time. The purpose of
7+ 7 $nis 1s to introduce gradually the control impu

_ to the missile, .

gl )= ah arbitrary function of the quantity included
) batween the brackets, This Tanction was derived
4t Peenemuends during the war, and représented a
fmoPe optifial Fundtion of error with time than
. obtdinable with a lineir second order ‘differential
. eguation; ~In efféct, it permitted a more rapid . .
reduction of the érror without the high gcceleration
peak riormally obtained immediately after the moment

. 4’ o = vertical angle of tie targete

25X1A 4 |cﬁhbﬁt';' It &hould be noted that with the exception of the
R =rInear coef ficients ‘inyolved, that the equation is & 'fairly straight-

Lo forwatd secotid order differéntial equation with a constant-rate steady state
solution, The error reduces to within 0.5 degrees, when -y is zero, in'ls
seconds,” With & rising 7 mormally found i a firing Problem, the solu- _
tion time is reduced aocct gly. In Diagram 3, page 11, is shown the gedmetry of the
eomputation with the parallax computed in Cartesian coordinates. - Diagram L , page 12,
shows the geometry of thé computation with the parallax computed: in polar
coordinstess/ o C

' The Initial Trajectory Compuber
7. Ani accompanying sketch Aﬁi“agz‘-am L, page 127 shows a fairly dstailed functional
layout of the initial trajectory computer together with the Tau-angle
‘gomputer, and the elements of the time synchronizer necessary to show the
interconnection between the components of the computer, The input to the
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vartical Angle Cofiputer comes from’ the optical target sight in the form

gL coarss and fins vertical angles, (/7). These are ‘applied to .
amplitier A to iin moter B which Is'm chanically cohnected to tachomster
D, The tachometé¥ D firnishes the #ats of changs of the vértical target
angle (/). This 48 added'to the other eleménts of ‘the comtrol equation
throiigh ‘tHe potentiometer H, ilie 1imiter I, and, the mechanical adder D.
The acoeleratich of thé vefticsl angle is” obtainad through a tachometer L
and Pate nEtwork K to ¢btain 1(.é:g) .  Thé controls aré applied gradually
thiough the potenticmeter AT which is rur by the condtant spesd motor AJ.
The "complited vertical angle (ffp) is applied to the sine-cosine resolver
P40 farnish hp ‘and ekp, When % E;' /—z') “decreases to & value below O.
degrees; ’thbﬂ"ﬁilif ar M 18 764 a’réference voltage causing it to
return to 90'degrees, thus, preparing the computer for the astart of another
firihg pFoblem, This i# dome through the contact G which is set to cperate
at ‘0-..§‘ degrees. The opening of contact G cperates the relay AKX in the
time synchronizer to switch in the reference voltage foryf = 50 degrees.

T his yeference Voltage comes from the follow up seleyn D.

When the cofiputer goes 175 éperation; the motor AJ rums to furnish a time .
base for the time synchronizer, and to operate the distance cam 4B, and '
the offsét distance ‘péducer cdm XD, ~The cutpiit angle of ‘the 'distanes cam
‘_E.ums": § s selsyn AL fo give a voltage ﬁf&iﬁéftioﬁél""bb"thé"'&ngli turnéd by
£He cadi AR, This 1" applied to the Bine-eosiné reéselver P in the vertical
e computer to furnish the computed height of the missile (hp).
The ‘azimthil Input frém £he optical taPgst sight 1s Mirnished to the com-
puter s codrseé und rive" signals 8.” These ‘are applisd to the 7 amplifisr X.
he' aiplifier K turts motér T Which is ischakically donnactéd to Selsyn S
JFnish d Voltdge proportiondl o the target angle (57z). This voltage
iaprcporbionai £67thé Initial dngles to which %He"‘éﬁtlé’a’ll"%i get sight is .

N

Yiirnad, - During the TiFst seconds of flight when the missile is acoslerating

yertically, this voltags 18 applied through' cottact AN, alonig with the
initial Tau angle (T,) to opérate the Tau angle somputer, -and place it in
8 corvect indtial position, Thé contact AN is eperated by the time
gyughroniser,  /The operation of e syrchronizer is described in para=
graphs 17 thiGigh 21,  The defailad opezation of the ‘tims synchronizer

18" ¢hown in diagrens 7 and 8 @ pages 15 and 10,/

Motor T is also comnected mechanically to the sine-cosine resolver R,
whose input 1s ekp. The outpute of the resolver R furnish ekp sine 07
ind ‘eky cosine gz which are added to cemponents of the offset distance,
éﬂ'-'ijbﬁliid'tb"f’eﬁo’ impedance matchers AN and AO, 'The outputs of the im~

‘pedance matohers AN.and AO"are fed to resolver AZ, The rotor of AZ is
‘composed of two coils 90 degrees to each other. The outpub of ome coil

is fed to amplifier BA, This operates motor EB to turn the rotor of the '
resolver AZ, so thit it is 50 degrees +0-the resultant field:furiished
by ‘the %wo Goila in"the stator,’ This angle is the computed horigontal
angle of the missile (6R). The second coil in the rotor being 90 degrses
to the other receives the maximmm voltage of the resultant field, This

.yoltage is the vector sum of the voltages applied to the rotor, and is.

the horizontal component. of the distance of the missile from the firing

‘polnt '(6-'1!3).'“'1111&”191%;50" is gpplied to one side of the stator of the -

sine~cosins reésolver AT,  On the other side of the redolver AT, there
appear's’ the Height of- the misaile from the firiHg peint plis the differ-
éntidl between ""E}ﬁ'ﬁél'ghi‘-"éfth’é"‘fﬁlﬁé’-'péint" and the aiming point. The
¥oltag Xrom the' Fotor ooil ls mplified and Sperates motor AR, causing
the rétof o go to mull, THe anglé of mull represents tlie angle of eleva-
tion of the missile from'the firing point (7’3). This argle is transmitted
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by a éoaise~fine sélsyn system through the roia;r AE to the control,éyotom
of the optical missile sight, ' '

11, Similurly, the horizontal angle Erx) "is taken from the moter EB and sent
vié & coarse~rine selsyn systed (BC and BD) throtgh the relay AH to the
‘oofitPol Systen "ol thé optical missile" sight, “WHéR' the 7o between the
missile and target Fas beén Fodided Yo 0,5 degrees, the contict G operates
ﬂié"rél&f'm"éﬁﬁiﬁg’""éﬁfb”df"iﬁii'itib'ﬁ"‘tﬁi““"iéiﬁﬁﬁé‘i.f ThHé angles which are
_8ent to the optioal missile sight then come ‘ddrectly from the optical
target sight, ‘ _ .

12, The Tau anglé computer réceives its input from tachometer U, The voltage
¢ . applied to tachomstsr U cofies” fron resclver ¢, and"is proportional to the
cene sing e THIE voltage thefi from the tachomster U is the product of “the
‘rate”of change of /¢ and-sins 07Z. This produst ia'sdded toihe follor-up-
voltage from thé oftput moter of ‘the Tau dngle cémputer (speed f‘u’dba::?,
80 that the speed of ‘the motor is proportional €6 the input voltage. +

The rotation of métor AW Sperates the four concdtenited 8iné-cosine poten~
tiomsters, to givé the compohents of ihe dontrol” sighel T#em the™ jéystick,

Thesé céliponshts afe iﬁiﬁ"i&ﬁ%ﬁd"ﬁﬁ"iho input of the Fadio transmitter
‘8880ciated With"tle WasserZall éysten. It should bé Hoted that the Tau-
angls computsr stays in operaticn until the end of the TIight of the -
nissile, whéreds the versicil dnigle Gomphs or drd the parillax computer

.. &9 ?5.’.‘,°?w'mﬂti?ﬁﬂ‘ﬁ?ﬂ...???,.!?".’f _has been reduced to 0.5 degrees,

13, In this dfagian, the pirametilo viluss of offaet dlitance; angle and
height ire indicited &g Being wound In'by hand, e latest model of the
oofipitar ‘1Ac1udéd wifomitis sS1ection of thess pirameders, Operation of

$hé automatie” paraietyic selector 1s shéown on diagram, ‘page .75, The offset

distance 1is applied thHrough~ resdlver AR, " THe ofTéet angle Ia“ippliqd
,phrqu@mgq,wghg "pﬁo,ll_ag;gl_ntl, differential is applied through AF, -
¢

$ Polar Computer for Wasserfall \

L, The" cOPULEF of WibdeEfall was Srigivilly desighed to oarry cut the neces-
#4ry parallax Saloiladions uaiig H61ar coordinates. In NI LS, a change-
over wid idde “to Cartésiati cosrdinates, For piipodes of comparisen, the
polar computer 1s desoribed below, /See Diagram 5, page 13,/ =

15. The vertical 'angle computer is essentially the same as that used in the
* computer using Cartesian coordinstes. The difference lies in the manner
of calculation of the resultant vertical and horisontal angles used to
control the nissile operater's might, The horisontal angle f rom the

optioal target sight (7)) is in this case converted %o s vel ge Whose

phase is a funstion of the angle, This is dome in Selsyn A /shown on pege
the bottom left of Diagram §7, A three-phase’ input voltage to the stator
of this selsyn orestes a rofating field, Then rotated through the angle
required, as in the Cartesian computer, the’ output from the rotor changes
phase proportiomal to the through which the rotor is turned, This
phase represents the angle/l ;. This voltage is applied to the potentio-
meter in the intermediate control system. The potentiometer B is turned .
throiigh an angle p#éportional to the horisontal camponent of the missile
.. Qistance (ekn) by metor 0, The amplifies 2o% motér C receives its input
Srom the- iniitdal trajectory computer where it is computed fiom the missile
it )y and the vérticel anglegy. e cutput of the potentiometer then
mto hts  the vector valus of eky 7. This vecter is added to the veotor
ue of the offset dlistance (u/#y) which s cbtained in a similar marner
in theoy intermediste ampiifier, The result of this veotor additién .
(which is the cutput of the preamplifier of D) is the scalar valus e'kp,
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This voltege is applied along with a voltege proportional to the missile
height in resolver E to furnish the output vertical angl:f o The ampli-
fier D is used to furnish an angle proporticnal to the suf of the input
angles., Thie angle is applied through a coarse-fine selsyn system to ths
missile sight,

The other elements of the computér system are esgentially the same as
that using “Gé;r_tegian coordinates.,

Description o{ﬁﬂmnco Selector (Tims Synchronizer) for the Wasserfall Computer

17.

18.

19.

20,

21,

In order to obtain a élear plcturs of the' opetation of the time synoroni~-

zation thal trigjiers off the various functions of the Wasserfall computer,
a detalled diagram is shown on page 15. ‘The condition of the relays .
associated wi'hh the seven cams with respect to time is also shown on page 16,

The initial argular positior of the cams is as shown on page 15. ‘Upon
receipt of the signal showing that the missile is airborne, the magnetic
coupling of the constant speéd motor ia clutched in by energizing it through
the upper contacte of cam No, 1. Thé cams, bBeing éénnscted mechanically

to the motor, begin to turn. Cam No. 2 operates 0.k seconds after the

start to allow voliage to be applied to the magnetic coupling through the
upper contacts, One half '(o.sfpaecona after the starting time, cam No, 1
releases, This does not affect the operation at this point., . Six seconds

. 8fter the starting time, Cak No, 3 operates to switch on the signal light
" showing the firing comnandar that the initial écnityol has begun, At the

same tims; cam No, L and edm No, 6_operate o cornect the 7 amplifier with
its input, and to connect the Tau angle amplifier with its input.

The cams turn then for 29 seconds, During this time s the shaft of the

motor is connectéd through the magnetic coupling to the cams controlling

the gradual reduction of the base offset distance in the computer, and to
operate the u(t) potentiometer that-ia integral with the initial trajectory
computer. At thé ehd of 29 seconds, cam No, 2 operates to break the circuit
to the magnétic coupling of the motor. The initial trajectory computer
continueg to operate the optical tracking sight., When 7’E is within 0.5
degrées of "/ 2> & voltage 1s applied through the lower contacts of cam No, 2
(which- 18 now clésed). to enérgize the magnetic coupling again., Three~
tenths seconds later, éams No. 3 and L operate, the signal 1light goes out,
&nd a voltage representing the initial positinn of ﬁ’ E (90 degrees) is
applied to the 2’y amplifier. TwWo tenths seconds later, the Jy z
contacts in the initial trajectory computar open up again, and the voltage

is removed from the magnetic coupling. Cam No, 5 operates to replace the
computed /g vrith;z; This réleases the entire computer with the excep-
tion of tHe Tau-anfls computer, .

When the optical tracking operator determines that the end of the firing

has been reached (éither with a hit or miss);, he operates his firing end
switch.' This closes a circuit which aprlied a voltage through the clesed
upper contacts of cam Ne, 1 to cause the motor to be recoupled to the cams.
Cam No. 6 operates to furnish the Tau angle amplifier with another initial
angle that his been selected by the firing commander. The cams continue

to run until cam No, 1 operates » breaking the circuit to the magnetic coupl-
ing, Thus the cams have turned through 360 degrees and the sequence selector
is again ready to réceive an impulse from the "missile airborne" contact in
the firing platform, :

It should be noted that the motor is DC, shunt-wound, and that the regu~

.lator is a standard inertial goverrnor,
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... The Teu-Angle Computer:
The Flectrical Taqungle Computer '

1. The deseription of the operation of the electricél Teu-angle computer
has been previcisly mentionéd, e . "The detailed operation
of this semputer 45 as indicated below and refers to an accompanying
sketch /Siagram 1, pege 22/, .

2, Prior to the operation of the computer, the sine-cosine potentioneters
are positioned by the angilar position transmitted from the Vasserfall
computer.  The C~felsy /in the lower porticn of the diagram ms mege M.

is cloaed 1o furnish an efror voltage representing the
difrerénce in the angulaf positions of the transmitted angle {sigma),
ahd the position of the sine-cosiné potentiometers, This vollage is.
applied to the servo aiplifier which actuates the metor to furnish the
power to turn the potentiomsters. o

3., When the initial sigea angle has besn reached, the C-relay opor‘ahi,n—
noving the imput Prom the sigma output of the Wasserfall computer. A
voltage proportional tod~sin 7-(computed in the Wasserfall computer) .
is applied £o the amplifier against the feedback voltage of & tachometer
eéﬁm&id'hog_hiﬂogm“to”th'é seivo motor, THe moter speed becomes a
fanstion of 0~ sin 4%, eo that the underlying equation tedmain 77
‘48 fulfilled, : e "

L. The outputs 6f this sine potenticmeters are combiped and applied to the
elevation section of the transmission, and the cosine potentiomster oute .
puts are combined and applied to the turn control pertion of the tnn*iuion.

S.. The accuracy of this Tau-angle coupﬁter was spproximately 1,0 degree.

The Gyroscopic Tn—pnﬂ.! Computer

6, In the-course of the develefsiént of the Wasserfsll cemputer system &t
§II L9, a new method was siggested by the Soviets to furnish the necessary
- Tau-anigle computation, The méthod, although sore elegant technioally, ’
required much mode spice (Zive times), and required threé times more:
electronic equipment such as rectifiers, amplifiers, etc. Singe ib'was
a Soviet idea; the Germins, althoigh having voiced their objections, built
. the gyroscopic Tau-angle cempiter. This computer ovidently worked to the
_ same acouracy as the electrical Tau-angle computer designed by the Cerwang.

| Comments: Although the dissdvantages stated sbove are sufficient
36 electrical method as superior to the moyta: mothod of
computing the Tau-angle, it demonstratés the fact that somé understanding and
-initiative in the Soviet elements of NII L9 existed regarding use of gyroscopes
for compuvation purposes. With some redesign and simpli ftaktion, the gyro-
scopic method might well be the basis of as good a piece of oomputing. squip-
ment as the electrical computer. It is not intended to imply that the ides
itself Tor the gyroscopic computer is brilliant. Actually, awy design engineer
‘experienced in the use of gyroscopés for stabilization purposes should be

7. 1t was necessary, as in the electrical computer, to‘fﬁmuh'm angle Tau
related to gamms and sigma according to the following equations

il = 8in f ; S e 1;'1 v -
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The angle sighs (representing the dirsction of the missile) is furnished
£o the compiter by turning €hé turntdble upon which is mounted a two-
ginbal gyroscops. ThHe gyFoscope houséd in the inmer giubal is precessed
g0 that it assumés the angle paima (representing the verticil angle to
the missile). A8 the Housing is turned in reésponse to the change in
sigha, and as the inner gimbal is turned to follow thé gamma input, the

.81lip rings on the inmer gimbal ére cornectéd to sine cosine potentiometers

which furnish the necessary résolition of the inhput c¢ommand turn and
elevation signals according to the above mentioned equation,

The gyroscopie Ti.ﬁ;e.hgié éoiputer éperates in the sequence outlined below,
(Refer to accompanying sketch /Diagram 2, page 2376) :

The housifig'A is oriénted to thé ahgular position of “the missiles by the

motor connected to Pecéivér sblsynis DI ATl the misgiles are_oriented in
the sams éii&ﬁl"é,i‘"'_iﬁésiiioh'.""‘rhé"bléékéd"sal&jﬁﬁ" o act as transmitters,
and upon initiabing the operdtion of thé Tau-angle computer,a relay is
operated to causé ‘the motor o turn A aceording to thé angular position
of the trapsmitters C. During this time, the gimbals are locked in the
90 degree position., TWhen the error between G'and D is reduced to zero,
the gimbals are unlocked by sélenoids M and N, :

The initial 'angle of g, is ipplied to the computer by the action of the
reélay U which ‘confiécts ¥he receiver selsyn D with the gy transmitter
Selsyns in the Wadsérfall compruiter. The turntable then assumed the initial
angle (7o Sifce the Infer glibal rifig I"is tnblécked aid the rotor is
going et full speed, the gyroscope K remains in its initial position..

Thé GiteF gimbal 18 then rotated ts 90 degresatd aréct it and thei to

the’ 1:‘11@1’&17‘ “"by the oparatioh of the selsyn system B and Fe Thé
operation of tiiy seivo systen 18 such that it cam preécess at, 30 degrees
per Second. 'The outer ring H then folléws the input’gama from the -
Visserfall ocemputer. "THe gyrdscope of doufde rémaiis in the vertical
poditich, biit the housing E 7ides it thé angle gamma to the furntable A.
The gomputer is now ready for operation, | -

By operation of rélays U ahd ¥, contitiucus valués of sigma and gamma are
tFansiitfed to the servd systems controlling thé position of A and H, -
By the geometry of ths gimbalk énd’ the gyroseope, it can'bé seen that as
ttfe"t.urn‘ﬁa“ A ,"bief‘ﬂ"i:l “tarned throiigh aigma, the outpiit afigle appearing at
G is Sighd - sine gammA, ~Contiscted to the spindle G are the four sine-

‘ cosine potentiomsters that Zorm the resolve system for the translation

of the input signals from the joystick operator, The resolved signals
are then applied to the transmitter from the cutput of the resolvers.

The gyrescope is kept erect throughcut the entire operation by contacts
8 which operate a motor T, /A detailed view of the contacts is shown in
the upper right hand cormer of the diagram, In the upper left hand
corner of the diagram are shown the electronic coemponents required for
the operation of the computer,/ Components O and P are the amplifiers
for servo systems C~D and £-F respectively. R is the rectifier which
furnished DC for the anodss of the amplifiers., Q is the box containing
cireuit-breakers, junction boxes, etc. '

W 48 the heating element in the computer that was used in order to keep
the gyroscope and gimbal bearings operative even at temperatures down to
mimus 60 degrees. This §lement was not automatic in operation, but was
switchied on at the discretion of the operating persomnel. (When the
temmperature reached minus 20 degrees; the heating element was switched on.)
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Automatic Selection of Offset Paramesters for the Wasserfall Computer

In tHe sketch on pags 26 is shown & funcétichal layout of these.

éloﬁents ‘of thée Wasserfall computer system that ¢omprised the automatic

selection squipmént for the offset angle, distance, and height of each

of the six firing #ites. 'The upper portion of this sketch shows the

Wasserfall” commandeér's control box. In this box are located the six '
bittonis thit corréspond with the six firing sites, It includes a cancel- "
lation biitton (Rueckuielltaste) which is operated prior to the selsction

of. another [firing site.

'I'he Llowér portion of the sketch shows the electromechanical elements of
the electric system which are located in the compiiter itself. Both the
éontrol box (uvailable to the Wesserfall commander) and the computer
épitain indicator 1ights which operate autematicslly when 'a particular
set of ‘parimetérs hive beent d6lected. Upon operation of a particular
button, the fellowing sequence takes place:

8, Control” Rod (A) is moved to the left by the cone on the push
but‘bon rod.

‘ﬁ.'_ Kedper Rod'(B) 1s ralundT:ry the solensid (E) anid holds the ~

push bof.t.on down, The solenoid is released by breaking contact (D).

c. Comtact () 1a ade by the action of the pish button fod. ThHis
. 811ows "current to flow in the &clenoid (¥)., This 1ifrte the rod :
- fobiing ‘the core of the soléncid, This rod clomés the coritacts ,
Wwhich fufnish™ cirpent £6 the magnetic éoupling for the three’
pitaimeter oeits’ oofresponding to the site selécted. The Tod also
‘Thees the three oam folléwers which now press against the ocam
for this firing positiom

d, The ‘motor turns the three cams through the magnetic couplings
- a#sociited With each:cam, When the cam rotates so that the cam
followéi prresses into the detent, the cifcuit is broken to the
solénoid oont¥olling the magnetic Goupling, and a contact 1s made
which is in series with other contacts leading to the indicator
%uhts in the computer and in the Wasserfall commanderz control
00Xy’ .

e, The thiree parmtsrs are then #seleacted as described above by the ' -
dction 6f the detents and the cam followers which disconnect the & '
coupling to the motor when the proper position has been reached, = '
Al'though ‘the other cams representing thé other five positions :
are’ mechanieslly corinécted with the coupling t6 the motor, thers
1s"n0 dction which pésults because their cam followers are held
away frofi their fespective cams by the solenoid rods which remain

_ in neutral position. ;

f. The mechanical angles selected are transmitted to:

‘ (1) Ths variablé transformer (1) which gives a’ voltage Prow-
portional to the offset distance (uw) selected,

(2) The sitie~cosine resolver (M) which is fed a voltage pro-
* - portional to the offset distance (u) and is turned

through the angle sigma u, gives two voltages proportional
to u sin sigma u and u cosine sigma u,
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(3) The' 'urhble transformer (N) which gives & voltage pro-
portiml to the height (up) 01' the missﬂ.e firing gite .
_selected,

3. Adjua’ment of ‘the 18 parameters are done in the fonowing manner:
a, Set scms Ara 1ooaoned on the selector ca.me.

b, The ghaft is tirned’ through én atigle corfesponding to a particular
offset distance (u),” This i done by the hand wheel /shomn on
the right side of the disgran/.

r

cs ‘fhe cam ia turnod so that the follower is in the detent position.’

d. The set sciew of the particular cam is tightensd., The adjustment
then of the cam corresponds with the offset dibtance (u) desired.
- Any tiie this particular camand follower is put into operation,
this valte of offset dlatance (i) #will be selected, The sams
proséedure 13 cartied out with all the cams.  Wieh complete, the
séledtor Systém 1a set up to select the~ three offset parameters
associated for any of the six firing sites.

» SECRET
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The w;sserfall Trainer

In view of- the dirﬁculty of con‘brolllng the Wasserfall missil?s the
Qefmans’ at NI L9 designéd and bullt a trainer toigive controll“ers
sxperiencé, | |Conmeints: The™ P “of “contrel utilized .
in the Wasserfall system is chargcterized by~ 1mpulses of, éross~course
aceeleration whieh are furnished by the optical target sight operator,
Wth the,,a sstmption that the internal control time lagsare ‘negligible,
it ¢an’ bﬁ easily seen that the problem 18 7d second order one of trying
$0" produce & rlight” trajectory along a sﬁraight line. “ThHé ertor infor-
matien esnaists only of the aisplacemnt. “Thé ‘éfPor correcting mechan-
i conslsts of applying discrete amounts o cross-tourde “adcelerations
There beifig o féedback t6 the cohtroller other thah the displacement
orror that is obtained” visually, ‘gtability is only obtained thiough -
merital comptation of Eross~course rate of chirngs and the ratie behteen )
the displacemerit' of the joystick and the actual "amoumt. of ‘dcceleration
prediced in’ the miséile by ihe conseqient control Iin movement,. This
mental computation is difficult, and can be cempared with the problem
thit a pilet has when faced with the use of a cross-pointer indicator

- I-101~C, {n making an instrument &pproach ofi the USAF Instrument Low

Approueh System, In ¥iew of "the extensive &ffort ir the USAF té pro-

~vide equipment $6 help” the pilet make the méntal computation necessary

(Tor ‘exaiple, ‘automatic epproach coupling, zéro-reader; and other
instriments) 1t ¢an be consideréd that NII L9 was deficient in pro-

. aueing such compu’oer equipment to help the ;]oyatiek operator.

.
2.

ES

It 10 concluded that the Joystick operator mae faced with a ‘comparatively
dirricult control problem, with only the simlator type of training
available. ‘through-the Wasserfall trainerJ

The tréiner’ consists of aoveral components, (Sea acconpaxving alnatch P
~page 30 ) : '

Tho 'ur;oi Sdsulator, "This" wag' & ‘device that tiirhed and ra:l.aed
{n Slavasion W Iight 8pot on a portich of & sphers, woording

Yo i prédeteinined forikla, "This PorimlaPepresénted i typlcal
ﬂigh trajectory of alrerary” tl.rguta. Suparimpoacd oR thHis™"
moving" spo% Wwas a cross-halr shadow,  This shadoW Wis orlented

80 that thé crods halrs were verticdl and Horlzontal,” The center
62 the ¢rodd Halrs repremented the’ poalf.:’ton of the target, which
i agtial firing is farni{shed by thé optical ‘target sight operltor.
In lins with the 1light gun; 1= atoleseope through which the joy-
stick operator uighta. :

b, The Missile Simln‘bor. ‘The missile simulator wis a device that
_farfied "afid falseéd in elevation a sscond light spot on the -
8phérisal surface, The movément of this light spot was regulated
. By a computeér whieh furnished vélués to the tufn and elevation .
‘eontrel so ad to represeht a vertical firing of the Wasserfall
| migeilé. The movemént of the spot was modified by movements of
-7 the joyatick ‘oparated by the controller umder training, so as %o
simulate the changes in flight path that would obtain if an actual
misyile were being sontrolled, The Joystick was operated so as
0 bring the second spot of light inte superposition with the
8pot representing the aircraft targét. In order to distinguish
between the two spots, the missile spot had oross-hair shadews
von 1% which were criented at L5 degrees from vertical,

' SECRET
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c. The Sphere. The spots of 1light representing the target and the
Wasserfall missile Were’ ‘projected on a 90 degree section of a
sphére, ~This sphiere wag three méters in diametér. For purposes
of calibration, the sphere was marked off in angles.

d. The Computer, The functions of the cémimter were as follows:
. (1) To furnish a typical path to the Target Simulator.

(2) To caleulaté the changes in path made when the joystick
is operated.

(3) To take into consideration the distance of the target and
. missile in computing the resultant angular change of the
B target and missile spots of light.

3. Whon the simulated Tiring is initiated, the target spot moves in direc—
tion and vertical angle according to a preselscted flight plan., The
initial vertical (on the sphere) is 20 degrees. The ‘missile spot is . .
star%.ed at zero degrees vertical angle, and at the same azimuth. Six
seconds after thé simulated firing, the missile 'é'pot crosses the target
spot, and the Joystick operator begins lils cofitrol,” "Hé movés the joy-
s%ick 80 as” ¥o kaep the spots of 1ight in superposition. His ability .

. to"do this ¢an be judged" easily by visual observatlon on the part of
the instructor., Whén the problém has anded, he returns the missile spot
to its original position by manually operaiing ‘the “computer through the.
Joystick, Many héurs of training were necessary before a Joyatick oper-
afor coluld be c¢onsidered &s a ¥rained cohtroller, Ih my oplhion at
Least ohe 'ohausand runs were necessary in order to achieve aatiafactory
results, |

Ls The trainee opera‘bea ‘the’ joyatick to keep the spot of 1ight from light
gun B on ‘that transmitfed by 1ight gun D, "The Joystick fummishes cone.
trol signdls in vertical dnd horiz¥mtal” componénts to t he elevation
Soritrol computér and tHe tuih contFol computer, These signals are .
getierated in selsyn transmitters connected mechanically to the joystick.
The ‘motors to which the fransmitter selsyns ars commected then rana
speed’ proportiondl to the displacement of the joystick, The motors turn
thé arms of potentiometers N and S so as to bias the ¢hanging signal as

determined by cams O and Q. 'The motors in the missile 1ight gun mounting

4, turn at a speed proportional to the voltages gemerated in-the missile
csontrol ‘computer (from” poténtiometeérs N; P, R and 8). .Thus, the actual
acceleration of the missile 1ight gun is proportional to the displacement
of ‘the joystick, "This is roughly comparable to the actual operation of
the missile itsel?. The light- gun D, which represents the target, is
driven by a selsyn system K, L, and M. The comtponents of the target path
are determined by cams T and U. These cams ¢an be changed to represent
differon’o types of target paths,
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